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Abstract. Higgs singlet superfields, usually present in extensions of the Minimal Supersymmetric Standard Model (MSSM) 
which address the /x-problem, such as the Next-to-Minimal Supersymmetric Standard Model (NMSSM) and the Minimal 
Nonminimal Supersymmetric Standard Model (mnSSM), can have significant contributions to B-meson flavour-changing 
neutral current observables for large values of tan/3 ^ 50. Illustrative results are presented including effects on the B s and on 
the rare decay B s — * j± + j±~ . In particular, we find that in the NMSSM, the branching ratio for B s — > [l + can be enhanced 
or even suppressed with respect to the Standard Model prediction by more than one order of magnitude. 
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INTRODUCTION 



EFFECTIVE LAGRANGIAN 



The superpotential of the MSSM contains a bilinear 
term, pLH\H2, that couples the two Higgs-doublet super- 
fields. Although successful electroweak (EW) symmetry 
breaking implies that jj. must be close to Msusy, M can 
generally be driven to Mgut or -^Planck by supergravity 
quantum effects. This theoretical tension is referred to as 
the jU-problem of the MSSM JHH. 

We may instead replace the Higgs bilinear term with 
a trilinear coupling XSH\H2, where S is a new gauge- 
singlet Higgs superfield. An effective fx parameter is gen- 
erated at the scale Msusy when S aquires a non-vanishing 
vacuum expectation value (VEV). Many mechanisms to 
break the undesirable £/(1)pq symmetry introduced by 
this proceedure have been discussed in the literature [3] 
and lead to distinct models, such as the Next-to-Minimal 
Supersymmetric Standard Model (NMSSM) 0, H, H, 01 
and the Minimal Non-minimal Supersymmetric Standard 
Model (mnSSM) d H. If f/(l) PQ is only weakly bro- 
ken then the lightest CP-odd Higgs field A i of such mod- 
els becomes a pseudo-Goldstone boson. Production of 
a light Ai within the context of the NMSSM has been 
considered through the decays of SM-like Higgs fields 
lfTol[TTl[T2ll . in associated production with charginos lfl3ll 
and in rare decays of Upsilon mesons ifTil [l5i llrjll . 

It has long been known that 1-loop threshold correc- 
tions can produce significant non-holomorphic Yukawa 
couplings in the MSSM at large values of tan/3 ifTvl ITsL 
Qjlll^] and FCNC effects on Z?-meson observables medi- 
ated by MSSM Higgs bosons have been well studied, e.g . 
JU HI HI Most recently, it has been realized JM Hf] 
that analogous threshold corrections produce sizeable ra- 
diative Yukawa couplings for the singlet Higgs bosons in 
minimal extensions of the MSSM. Here we consider the 
effects of such light singlet Higgs bosons on FCNC ob- 
servables within the MFV framework. 



The effective Lagrangian describing the down-type 
quark self-energy transition Q® L — > df R may be written in 
a gauge-symmetric and flavour-covariant form as 



+ H.c. 
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In (fl~|i the first term is the tree level contribution, whilst 
Ah ( / is a 3 x 3 matrix which is a Coleman-Weinberg 
effective functional of the background Higgs fields <t>i 2 
and S. The detailed form of Ah,./ is given in ||25ll . 

The interaction Lagrangian may be written in terms of 
the mass eigenstates as 
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where the Higgs couplings are given by l25ll 
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(gLr> s t,V- @ H and 6 A are the scalar 

\°Hi{Ai)dd) 

and pseudoscalar mixing matrices respectively. The re- 
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summation matrix R t / is defined by 

n 

R/ = Is + — (h^'Ahrf [«Ki,«5 2) S]) , (5) 

where (. . .) indicates the VEV of the enclosed expression 

and the 3x3 matrices A^ IZS , A^ 1,2,5 are evaluated accord- 
ing to the Higgs low energy theorem (HLET) lf26ll as 

Af^ / h _,5(AM\ C 2S ./.-^(Ah^X 
V2 \ d Hi.2. S r V2 \ d da lxs /- 

(6) 

NUMERICAL RESULTS AND 
CONCLUSIONS 

We assume the framework of MFV so that all flavour 
changing effects are proportional to the CKM matrix V. 
In calculating the Higgs couplings, we have used the 
following benchmark values 

M 2 Q =Ml=Ml=M 2 E =Ml = (1 .7 TeV) 2 , 

A u = A d =A e = 2.0 TeV, (1) 

My = M 2 = M 3 = 2.0 TeV , 

with [1 = 140 GeV and tp = 50 throughout. All points 
considered are consistent with the 2<7 experimental 
bounds onB^ X s y. 

To examine the effects of light singlet Higgs bosons 
within the mnSSM we take the parameters describing the 
tree-level Higgs sector (with ji and tan j3) to be 

M a = 1.5 TeV, m 2 n = (1.0 TeV) 2 , X = 0.3 . (2) 

The mass scale of the singlet Higgs bosons, ~ y/Xts/jj., 
is allowed to vary. The singlet Higgs scalar and pseu- 
doscalar are approximately degenerate due to a tree-level 
mass-sum rule 18J. 
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FIGURE 1. The SUSY contribution to AM# t in units o/ps~' 
as a function of the mass of the lightest pseudoscalar m^, in the 
mnSSM. The solid line includes threshold corrections for the 
gauge singlet Higgs bosons, the dashed curve neglects these. 
All parameters are taken as in (7} and (|2j- 



In Fig.Q]we show the SUSY contribution to AMg s as 
a function of the lightest pseudoscalar mass. The upper 
curve includes the radiative Yukawa couplings of the 
Higgs singlet fields whilst the lower curve neglects these 
corrections. The SUSY contribution is seen to exceed the 
currently observed value if the singlet Higgs bosons are 
light. The dominant contribution to AMb s for light singlet 

Higgs bosons is due to the Wilson coefficient C l 
Within the mnSSM there is a cancellation between the 
H\- and the Aj-mediated contributions to C x . An 
analogous cancellation between the heavy Higgs bosons 
H and A is known to take place in the MSSM. For very 
light singlets this cancellation is dominantly broken by 
the mass splitting between H\ and A\, for larger masses 
this splitting is negligible and the dominant breaking is 
due to threshold effects on the singlet-Higgs Yukawa 
couplings. 
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FIGURE 2. The branching ratio 8§(B S — » /i + AO as a func- 
tion of the mass of the lightest pseudoscalar m J ! il in the mnSSM. 
All parameters are taken as in Q and ©. 

Figure [2] shows the branching ratio 3B{B S — > 
as a function of , . The prediction exceeds the current 
bounds for Higgs singlet masses below around 50 GeV. 
The branching ratio depends only on the absolute values 
of the couplings and so there is no cancellation between 
the scalar and pseudoscalar contributions. 

Turning to the NMSSM, the CP-odd and CP-even 
singlets are not in general constrained to have degenerate 
masses. There is typically only one light Higgs particle, 
the pseudo-Goldstone boson A i . There is no cancellation 
between the dominant Higgs field contributions to the 
Wilson coefficients as in the mnSSM. This forces us 
to assume a small singlet-doublet mixing angle cosO^ 
at large values of tanj3. To examine FCNC observables 
within such a scenario, we take 9a and to be free 
parameters in place of the soft-SUSY breaking trilinears 
Ax K . In our resutls we use the following benchmark 
values; 

A =0.4, fc=-0.5, cos 9 A = 0.018. (3) 

In Fig. [3]we show the SUSY contribution to AMb s as a 
function of m^, . In this scenario the SUSY contribution 
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FIGURE 3. The SUSY contribution to AMb s in units of ps~ l 
as a function of the mass of the lightest pseudoscalar m.A 1 in the 
NMSSM. The line conventions are as for Fig.\l] All parameters 
are taken as in Q and |TJ. 



also exceeds the currently measured value of AMg t for 
the lightest A\ masses. The small contribution to AMb s 
in this scenario is due to our choice of small cos 9a- As a 
result of this, the contribution of the singlet pseudoscalar 
become negligible here form^ ^25 GeV and we recover 
the MSSM prediction. 
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FIGURE 4. The branching ratio 33(B S — » /i + [X~) as a func- 
tion of the mass of the lightest pseudoscalar, niA x in the 
NMSSM. The solid line includes threshold corrections for the 
gauge singlet Higgs bosons, the dashed curve neglects these. 
All parameters are taken as in J7) and (TJJ. The dot-dashed 
curve shows the NMSSM prediction, including all threshold 
corrections, but withA u = —2 TeV. 

Figure |4] shows the branching ratio Zi3{B s — > 
as a function of the lightest pseudoscalar mass in the 
NMSSM. For small values of ma 1 the prediction exceeds 
the current 90% confidence limits. For a heavier singlet 
Higgs pseudoscalar, we observe that the presence of the 
singlet leads to a significant reduction in the branching 
ratio, which becomes suppressed by more than an order 
of magnitude compared to the SM prediction. Here the 
contribution of Ai interferes destructively with the SM- 
like diagrams. It should be noted that such a large sup- 
pression is not possible in either the MSSM or mnSSM, 
since in both these models tree-level mass-sum rules pre- 
vent the appearance of isolated CP-odd Higgs bosons. As 



can be seen from the dot-dashed curve in Fig. [4] the sup- 
pression is found to vanish when jj.A u flips sign, i.e. for 
A u = -2 TeV, since the leading SM and SUSY contribu- 
tions interfere constructively in this case. 
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